2+ -independent immunoglobulin-like cell adhesion molecules that belong to a family of four members that function in a number of biological cellular activities. Nectin-4 is overexpressed in several types of human cancer; however, the functional and prognostic significance of Nectin-4 in gastric cancer (GC) remains unclear. In the present study, the reverse transcription-quantitative polymerase chain reaction and tissue microarray immunohistochemical analysis were used to investigate the expression of Nectin-4 in GC as well as its function in the prognosis of patients with GC. The results indicated that mRNA and protein expression of Nectin-4 were increased in tumor tissues compared with the matched non-tumor tissues. Expression of Nectin-4 was closely associated with differentiation (P=0.004), primary tumor (P=0.001), lymph node metastasis (P<0.001) and tumor-node-metastasis (TNM) stage (P<0.001). Positive Nectin-4 expression (P=0.001) and advanced TNM stage (P<0.001) were demonstrated to be associated with overall survival time in multivariate analyses. These results suggest that Nectin-4 may serve a significant function in GC and may serve as a novel clinic pathological biomarker and therapeutic target in GC.
Introduction
Gastric cancer (GC) is one of the most common malignant tumors globally (1) (2) (3) (4) . In China, GC is the second leading cause of cancer-associated mortality (5) . In spite of the decreasing incidence and mortality rate of GC among the Chinese population, 723,100/951,600 novel cases of GC resulted in mortality in 2012 (6) . The treatment protocols available include surgery, chemotherapy, radiotherapy and molecular targeted therapy (7, 8) . Nevertheless, the median survival remains <12 months and the 5-year survival rate is ~25% as a result of tumor recurrence and metastasis (9) . Therefore, identifying new prognostic biomarkers and therapeutic targets for GC is of high importance.
Nectin-4 is a member of the Nectin family of four Ca 2+ -independent immunoglobulin-like cell adhesion molecules and is involved in several functional processes, including cell adhesion, movement, proliferation, differentiation, polarization and survival (10) (11) (12) (13) . Nectin-4 is expressed specifically in the embryo and placenta, whereas Nectin-1-3 are identified in adult tissues (14, 15) . Several studies have indicated that Nectin-4 is overexpressed in a variety of tumors and tumor cell lines (16) (17) (18) (19) . In human pancreatic cancer, Nectin-4 induced tumor proliferation, angiogenesis and indicated poor prognosis (20) . High expression of Nectin-4 in hepatocellular carcinoma was associated with poor prognosis and was an independent prognostic marker for patients with HCC (21). Takano et al (22) reported that Nectin-4 was implicated in cell proliferation and growth of tumors via the Rac1 signaling pathway in human lung adenocarcinoma cells. In a different study, Nectin-4 regulated Rac-1 activity by activating the phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) signaling pathway to mediate cell proliferation and migration (23) . However, to the best of our knowledge, the expression of Nectin-4, as well as its prognostic significance, has not been investigated in GC.
In the present study, Nectin-4 mRNA and protein expression were determined in GC tissues and adjacent non-tumorous tissues using the reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and immunohistochemistry (IHC), its association with clinical parameters as well as its prognostic significance in patients with GC were determined. The results indicate that Nectin-4 may be a predictive biomarker for poor prognosis in patients with GC.
Materials and methods
Tissue samples. A total of 20 pairs of fresh-frozen GC tissues and surrounding non-cancerous tissues were collected for RT-qPCR assay from the Department of Pathology at the Affiliated Hospital of Nantong University between January 2015 to June 2015. Additionally, between January 2010 and January 2015, 303 formalin-fixed paraffin-embedded tissues, including 212 GC tumor samples and 91 adjacent normal tissues, were collected for immunohistochemistry from the Affiliated Hospital of Nantong University. Two pathologists (from the Affiliated Hospital of Nantong University) blinded to each other checked the grade [Tumor Node Metastasis (TNM) classification of malignant tumors, 7th edition, Union for International Cancer Control] (24) and histological type of all cases. The age range was between 22 and 84 years (median age, 55.3 years), and the samples were from 72 females and 140 males. The patients did not receive any prior treatment for their cancer. The Human Research Ethics Committee of Nantong University Affiliated Hospital approved the present study and all clinical methods applied, and all patients provided written informed consent prior to participation in this clinical trial and research.
RT-qPCR. Trizol
® reagent (Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used according to the manufacturer's protocol to extract total RNA from the samples, and RNA was reverse-transcribed into cDNA for amplification, using 5x Buffer (1 µg), RT Enzyme Mix I (2 µl), Oligo dT Prime (0.5 µl), randon 6mers (2 µl) and total RNA (1 µg) and a temperature protocol of 37˚C for 15 min, 85˚C for 5 sec and 4˚C for 5 min. Nectin-4 primers used in qPCR were as follows: Forward primer 5'-CAA AAT CTG TGG CAC ATT GG-3' and reverse primer 5'-GCT GAC ATG GCA GAC GTA GA-3'. For qPCR, SYBR ® Premix Ex Taq™ reagent (Takara Biotechnology Co., Ltd., Dalian, China) was used, and thermo cycling conditions as follows: 95˚C for 30 sec, 95˚C for 5 sec and 60˚C for 30 sec maintained for 40 cycles. As an internal control, β-actin was amplified using a forward primer of 5'-AGA GCC TCG CCT TTG CCG ATC C-3' and a reverse primer of 5'-CTG GGC CTC GTC GCC CAC ATA-3'. For quantification (25) , StepOnePlus™ PCR (Applied Biosystems; Thermo Fisher Scientific, Inc.) was used. All procedures were repeated three times.
Tissue microarray (TMA) construction and IHC analysis.
TMAs consisted of formalin-fixed GC tumor tissues (n=212) and paired normal tissues (n=91). TMAs were generated in the Department of Clinical Pathology of Nantong University Hospital (Jiangsu, China) using the Tissue Microarray System Quick-Ray (UT06; Unitma Co., Ltd., Seongnam, South Korea). Each core of the paraffin-recipient blocks was 2 mm in diameter and samples taken from paraffin-embedded tissue sections were arrayed in them. TMA specimens were sliced into 4-µm-thick sections and located on Superfrost glass microscope slides. IHC was performed as described previously (26) . Subsequently, an antibody against Nectin-4 (1:100; cat no. Ab192033; Abcam, Cambridge, MA, USA) was incubated with the slides at 4˚C overnight. Following 3 washes with PBS, the slides were incubated with fluorescein isothiocyanate-conjugated goat anti-rabbit IgG heavy and light chain (1:200; cat. no. ab97050; Abcam) secondary antibody at 37˚C for 1 h. The slides were then stained with 0.05% diaminobenzidine for 3 min at room temperature at a dilution of 1:20, and the nuclei were counterstained with 2% haemotoxylin (for 5-10 min at room temperature) for color rendering. The stained samples were visualized under a light microscope, and the percentage of Nectin-4-positive cells, and cell staining intensity (as described below) was calculated.
TMA-IHC data evaluation. IHC staining was analyzed by two independent pathologists, who had no knowledge of the present investigation or the clinicopathological data of each specimen. To evaluate the protein expression, the staining intensity was graded between 0 and 3, as well as the percentage of cells stained (0-100). The staining intensity was designated negative (0), weakly positive (1), moderately positive (2) or strongly positive (3). The final score was calculated by multiplying the percentage of Nectin-4-positive cells and the staining intensity, with potential results ranging between 0 and 300. The score was subsequently categorized into low expression and high expression based on a threshold value determined by the X-file software of the score (Rimm Laboratory at Yale University; http://www.tissuearray.org/rimmlab) as previously described (24) . The threshold value for Nectin-4 was 70, and the final scores were classified into two groups: Low expression (≤70) and high expression (>70).
Statistical analysis. Differences between Nectin-4 mRNA expression in fresh GC and matching tumor-adjacent tissues were analyzed using the Wilcoxon non-parametric signed-rank test. A Pearson χ 2 test was applied to evaluate the associations of Nectin-4 expression with clinicopathological variables of patients with GC. The univariate Cox's regression model was used to determine factors with prognostic significance, and a multivariate Cox's regression model was used for further evaluation. P<0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed using SPSS software (version 20.0; IBM Corp., Armonk, NY, USA). 
Results

Evaluation of Nectin-4 mRNA expression in GC using
RT-qPCR. RT-qPCR was employed to determine the relative expression of Nectin-4 mRNA which was isolated from 20 GC tissues and matched tumor-adjacent normal tissue. It was identified that Nectin-4 mRNA expression was significantly higher in GC samples (0.0038±0.0012) compared with the paired adjacent non-tumor samples (0.0008±0.0005) (P<0.001; Fig. 1 ).
Nectin-4 expression in GC tissues by IHC.
To validate the results acquired from RT-qPCR, TMA-IHC was employed to evaluate Nectin-4 protein expression on 212 GC tissues and 91 matched peritumoral tissues. In GC tissues, positive staining was mainly observed in the cell membrane and cytoplasm. High expression levels of Nectin-4 were detected in 60.4% (128/212) of GC tumors compared with only 15.4% (14/91) of matched adjacent normal tissue samples (χ 2 =51.76; P<0.001), which was consistent with the current RT-qPCR results (Fig. 2) .
Association between Nectin-4 protein expression and clinicopathological parameters of patients with GC.
The association between high Nectin-4 expression and different types of clinicopathological parameters of patients with GC is indicated in Table I . It was identified that high expression of Nectin-4 was notably associated with differentiation (P=0.004), primary tumor (P=0.001), lymph node metastasis (P<0.001) and TNM stage (P<0.001). However, no association was observed between Nectin-4 and other clinical features, including sex, age, tumor location, tumor size and preoperative carcinoembryonic antigen level (27) (Table I) , distant metastasis (M) occurred in only 10 cases, therefore its association with Nectin-4 was not evaluated.
Survival analysis.
A univariate analysis was used to investigate all relevant features, and it was identified that high Nectin-4 expression (P<0.001), along with tumor size (P<0.001), tumor differentiation (P<0.001), T (P<0.001), N (P<0.001) and tumor TNM stage (P<0.001), was markedly associated with the survival of patients (Table II) . Multivariate regression analysis was subsequently employed to further confirm that Nectin-4 expression (P=0.002) and tumor TNM stage (P<0.001) were independent prognostic indicators in GC (Table II) . Kaplan-Meier survival curves revealed that patients with GC with high Nectin-4 expression, large tumor size (≥3 cm), low-differentiated tumors and advanced TNM stage had a significantly poorer prognosis (P<0.001; Fig. 3 ).
Discussion
In the present study, RT-qPCR analysis was used to compare the mRNA expression of Nectin-4 in GC tissues with matched normal tissues. The result identified a marked increase in tumor tissues, which as consistent with previous studies (19) (20) (21) (22) (23) . TMA-IHC was subsequently performed to further validate this result, and it was identified that Nectin-4 protein was similarly highly expressed in GC tumorous tissues when compared with adjacent non-tumorous tissues. High protein expression of Nectin-4 in GC was associated with certain pathological and clinical features including differentiation degree, primary tumor, lymph node metastasis and TNM stage. Univariate analysis was employed to investigate the association between clinicopathological characteristics including Nectin-4 and overall survival of patients with GC. The result revealed that Nectin-4 expression, tumor size, tumor differentiation, T, N and tumor TNM stage had a negative association with the overall 5-year survival rate in GC. Multivariate analysis further indicated that Nectin-4 expression as well as TNM stage independently predicted adverse outcomes of patients with GC. Kaplan-Meier analysis provided a visual representation that the lifetime of patients with low Nectin-4 expression was notably longer than that of patients with high expression.
As aforementioned, previous in vitro and in vivo evidence suggested the function of Nectin-4 in a number of tumors as a carcinogenic factor, which was consistent with results of the present study (19, 22, 23) . In gallbladder carcinoma, ectopic expression of Nectin-4 had been demonstrated to be associated with cell proliferation, movement ability and anchorage-independent growth in in vitro experiments and a mouse model (23). Takano et al (22) reported that Nectin-4 was highly associated with unfavorable clinical outcomes in non-small cell lung cancer, and increased expression of Nectin-4 was able to promote the formation of lamellipodia and increase the invasive ability of cancer cells through the Rac1 signaling pathway, and the proliferative ability of tumor cells silenced with siRNA of Nectin-4 was significantly decreased. Additionally, nectin-4, together with cancer antigen Table I . Association of Nectin-4 expression in tumorous tissues with clinicopathological characteristics in patients with gastric cancer. 125, may help to make a distinction between benign gynecological diseases and ovarian cancer (19) . Rac1 signaling is involved in in tumor growth and progression of numerous types of cancer, and a number of functions in the progression of cancer, including proliferation, differentiation, migration, invasion, survival and cancer metastasis (28) (29) (30) . Rac1 signaling is necessary for the extension of protrusions, including the formation of lamellipodia, which is crucial for cell-cell adherence (31, 32) . Cell-cell adhesive processes are important for cancer progression (33) . Nectin family members are homophilic and heterophilic cell adhesion molecules that bind afadin scaffold molecule, an actin filament (F-actin)-binding protein through their cytoplasmic tails and associate with the actin cytoskeleton (33, 34) . Nectins serve critical functions in cellular activities including movement, differentiation, polarization and the entry of viruses, in cooperation with other cell adhesion molecules and cell-surface membrane receptors (10, 13, 35, 36) . Nectin-4 belongs to the family of cell adhesion molecules that regulate the formation of adherence functions, and Nectin-4 is different from the other the Nectin family members owing to its distinct distribution, in that it is expressed specifically in the embryo and placenta as opposed to adult tisues (14,15) . Overexpression of Nectin-4 has been identified to be an essential contributor to cell proliferation and highly malignant tumor phenotypes and is known to serve a function as a significant mediator of the Rac1 signaling pathway (22) . Activation of Rac1 signaling enables Nectin-4 to enhance the lamellipodia formation, cellular proliferation and migration of the cell (37) . Previous studies have also demonstrated that the Rac1 signaling pathway is mainly modulated by the PI3K/AKT and mitogen-activated protein kinase/extracellular-signal-regulated kinase (ERK) kinase (MEK)/ERK signaling pathways in several types of human tumor (38) (39) (40) . Zhang et al (23) also demonstrated that Rac1 was a downstream target of the PI3K/AKT pathway and demonstrated that this pathway cooperated with Nectin-4 and Rac1 to mediate cell proliferation and migration during tumor progression; furthermore, no association was identified between Nectin-4 and the MEK/ERK signaling pathway (23) . Collectively, these studies suggested that Nectin-4 exerted oncogenic properties and may be a candidate for targeted therapy in certain types of human cancer.
Nectin-4 Clinicopathological -------------------------------------------------------------------------------------------------------------------------------------------------------------
There are several limitations of the present study. The expression of Nectin-4 in patients with GC was studied retrospectively, therefore whether Nectin-4 is the main promoting factor of GC progression or a consequence of GC development remains uncertain, and additional study is required to resolve the precise nature of the association. Furthermore, TMA-IHC was employed to evaluate Nectin-4 protein expression. The Table II . Univariate and multivariate analysis of prognostic factors of 5-year overall survival in patients with gastric cancer.
Univariate analysis
Multivariate analysis results were subjective and semiquantitative, therefore additional methods are required to validate the expression level of Nectin-4 in cancer tissues and cells. Finally, in vitro and in vivo studies were not performed to identify the underlying molecular mechanisms of Nectin-4 expression in GC.
The results of the present study suggested that expression of Nectin-4 was higher in GC tissues and was significantly associated with poorer outcome. Therefore, Nectin-4 was able to serve as a novel marker, and is a promising target to evaluate the prognosis of patients with GC. The results of the present study enrich current knowledge of Nectin-4 in the occurrence and development of GC. Further study should be carried out to explore the underlying molecular mechanism of action of this molecule in GC development. In conclusion, the present study provides rationale to further investigation into the involvement of Nectin-4 in GC development in addition to Nectin-4 as a potential prognostic marker and therapeutic target in GC.
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